A virus-encoded protease that cleaves after multiple basic amino acid residues has been implicated in the processing of the flavivirus polyprotein. Recently, a computer search of amino acid residues which might form the active site of a protease led to the suggestion that the amino-terminal segment of the NS3 protein represents a serine protease. To examine this possibility we constructed an mRNA which encodes a polyprotein with an amino-terminal signal sequence derived from the influenza virus haemagglutinin, followed by a segment of the West Nile flavivirus polyprotein which includes the non-structural (NS) proteins NS2A, NS2B and the amino-terminal part of the NS3 protein. This polyprotein contains two sequences, located at the termini of the NS2B protein, which are cleaved by the viral protease that cleaves after multiple basic residues in the authentic polyprotein. The proteins that are generated by this mRNA during in vitro translation in the presence of rough endoplasmic reticulum membranes indicate that these two proteolytic cleavages occur in vitro. In vitro translation of polyproteins shortened at the carboxy terminus shows that a polyprotein which does not contain the complete set of proposed catalytic residues present in the NS3 protein segment accumulates as a membraneassociated molecule without proteolytic processing. Similarly, substitution of residue histidine 51 of the NS3 polyprotein segment, which is predicted to be part of the protease catalytic centre, with an alanine residue, blocks the processing of the polyprotein in vitro.
Introduction
The Flaviviridae family is composed of about 60 members, many of which are human pathogens (Westaway et al., 1985) . Determination of the complete nucleotide sequence of the genomic RNA of flaviviruses has identified a single long open reading frame of about 10300 nucleotides. All virus-encoded proteins identified thus far are derived from the encoded polyprotein. Analysis of terminal sequences of virus-encoded proteins has shown that the viral structural and non-structural (NS) proteins are organized on the polyprotein in the order, core protein-envelope protein (pre-M)-envelope protein (E) -NS1 -NS2A -NS2B -NS3 -NS4A -NS4B -NS5 (Rice et al., 1985 (Rice et al., , 1986 Castle et al., 1986; Speight et al., 1988; Chambers et al., 1989; Speight & Westaway, 1989b; Wright et al., 1989; Wengler et al., 1990) .
The amino termini of proteins pre-M, E, NS1 and NS4B appear to be generated by cleavage of the polyprotein by signalase(s) (for a review, see Strauss et al., 1987) . In contrast, the amino termini of proteins NS2B, NS3, NS4A and NS5 are preceded by a protease consensus sequence which contains multiple basic amino acid residues (Rice et al., 1985 (Rice et al., , 1986 Biedrzycka et al., 1987; Speight et al., 1988; Chambers et al., 1989; Wright et al., 1989; Wengler et al., 1990) and it has been proposed that a cytosolic virus-encoded protease which cleaves after double basic residues is responsible for the corresponding proteolytic cleavages (Rice et al., 1985; Speight et al., 1988) . Recently, a computer search of conserved amino acid residues has led to the suggestion that the amino-terminal segment of the NS3 protein represents a serine protease (Bazan & Fletterick, 1989; Gorbalenya et al., 1989) . According to this hypothesis, in the West Nile (WN) virus NS3 protein residues histidine 51, aspartic acid 75 and serine 135 would form the catalytic centre of this protease. These data predict that a polyprotein segment containing the sequences of NS2A, NS2B and the amino-terminal segment of NS3 should be able to cleave itself at the amino terminus of NS2B and NS3 in vitro under appropriate conditions. All flavivirus-encoded proteins are present in the infected cell as membrane-associated proteins (for a review, see Westaway, 1987) . Proteins NS2A and NS2B are integral membrane proteins whereas NS3 is a peripheral membrane protein which can be dissociated from the membrane by treatment with urea (Wengler et al., 1990) . Since protein NS1 is located completely on the luminal side of the rough endoplasmic reticulum (RER) and a single proteolytic cleavage generates the carboxy terminus of NS1 and the amino terminus of NS2A (Wright et al., 1989; Wengler et al., 1990) , the amino terminus of NS2A is located in the lumen of the RER. In order to reproduce the situation present in the infected cell it is therefore necessary to synthesize the above mentioned polyprotein segment as a membrane-associated protein in vitro and to locate the amino terminus of NS2A in the lumen of the RER membranes. To achieve this, a signal sequence derived from the haemagglutinin (HA) of influenza virus was added to the amino terminus of the polyprotein segment.
This report describes a study of the synthesis and processing of such a polyprotein in a rabbit reticulocyte lysate supplemented with microsomal membranes. The results support the hypothesis that the amino-terminal segment of NS3 contains the catalytic site of a viral protease which processes the viral polyprotein by cleavage after double basic amino acid residues. Recently, a similar study of the in vitro processing of nonstructural proteins NS2A, NS2B and NS3 derived from another flavivirus, dengue type 2, has had the same conclusion (Preugschat et al., 1990) .
Methods

Plasmid constructions. Restriction endonucleases (New England
Biolabs and Boehringer Mannheim), the Klenow fragment of DNA polymerase I, avian myeloblastosis virus (AMV) reverse transcriptase and T4 DNA ligase (Boehringer Mannheim) were used according to the manufacturer's specifications. In general, procedures were performed according to Maniatis et al. (1982) . A series of overlapping cDNA clones in pBR322, representing the complete WN virus genome except the 5'-terminal untranslated segment, were available Wengler et al., 1985) . The 5"-terminal untranslated genome segment consists of 96 nucleotides and has been sequenced by primer extension (Castle & Wengler, 1987) . cDNA clones containing this region were prepared as follows. A primer was synthesized which binds to nucleotides 193 to 174 of the WN virus genome RNA, adjacent to a BanlI site. The corresponding cDNA was synthesized using AMV reverse transcriptase and used for the synthesis of second-strand DNA, primed by a chemically synthesized oligonucleotide of 53 nucleotides in length. This had a recognition sequence for ClaI at its 5' terminus which is not present in the WN virus genome sequence and which can be used for further cloning, followed by the 5"-terminal WN virus genome sequence. The resulting ds cDNA was digested with ClaI and BanlI and cloned into pBR322 which had been cleaved using ClaI and BanlI. The resulting plasmid was cut with BgllI (in the WN virus sequence) and SalI (in the pBR322 sequence) and the BgllI-SalI segment from clone 34/F6, consisting of nucleotides 89 to 2707 of the 
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I S D H O T E I P D R k ~ Fig. 1 . Sequence of mRNA molecules. WN virus-derived modified cDNA was cloned into the pGEM3zf(-) vector, giving rise to the plasmid pGEM EF (see Methods). RNA transcribed from this plasmid after linearization of the template by AlwNI is shown together with the predicted amino acid sequence of the translated polyprotein. Following a 14 nucleotide sequence derived from the cloning procedures, the RNA consists of the 5' sequence of the WN virus genome RNA in which the nucleotide sequence between the unique BgllI and NsiI sites has been substituted by a segment synthesized in vitro. This segment contains a ribosome binding site and a sequence encoding the signal sequence and the amino-terminal sequence of the influenza virus A/PR/8/34 strain HA. The Bglll and NsiI sites are indicated, the HA sequences are underlined and the signalase cleavage site is indicated by a small triangle. The Bglll site immediately precedes the initiation codon AUG on the WN virus genome RNA; the last nucleotide of the NsiI site represents the first base of the codon which specifies the aminoterminal tyrosine residue of protein NS2A. The substituted sequence therefore contains all structural viral proteins and the NS1 protein except for the carboxy-terminal sequence Asn-Ala of NS1. The sequences of proteins NS2A, NS2B and the amino-terminal segment of NS3, and the recognition sequences for XhoI, BamHl, BstBI, Asp718 and AIwNI are indicated. The serine, the histidine and the aspartic acid proposed to form the protease catalytic centre are indicated by asterisks. The two sites cleaved by this protease in the authentic polyprotein are indicated by large triangles. The sequence AGUGGU, which is converted into an AccllI recognition sequence in the cassette used for in vitro mutagenesis, is also indicated (ACC). WN virus genome was inserted. A construct, pGEM EF, was then prepared by standard cloning procedures (Maniatis et al., 1982) using the plasmid pGEM3zf(-), obtained from Promega, as a vector. Using T7 RNA polymerase, this plasmid can be used to produce an mRNA encoding a polyprotein containing an amino-terminal signal sequence derived from a human influenza virus HA (Winter et al., 1981) , followed by NS2A, NS2B and the amino-terminal segment of NS3, in vitro. The nucleotide sequence of the RNA produced in vitro is shown in Fig. 1 and described in the legend. The individual steps used in the construction of the pGEM EF construct have been described in detail (F~irber, 1990) .
In vitro transcription and translation of mRNA. Enzymes and components were obtained from Promega and all experiments were performed according to the protocols supplied by the manufacturer. Linearized DNA was transcribed using T7 DNA-dependent RNA polymerase at 37 °C for 90 min followed by phenol extraction and ethanol precipitation of nucleic acid. Transcription was done in the absence of cap analogues and template DNA was not removed after transcription. Nucleic acids were solubilized in TE buffer at a final concentration of about 2 ~tg DNA/~tl and used for in vitro translation. An in vitro translation reaction including RER membranes contained 12 ~tl nuclease-treated rabbit reticulocyte lysate, 1.6 ~tl amino acids without methionine (1 mM each), 1.6 ~tl 0-5 M-potassium acetate, 2 ~tl dog pancreatic membranes, 2 ~tl 200 mM-HEPES pH 7.4 and between 0.5 ~tl and 1.5 pl mRNA in a final volume of 20 ~tl. Translation reactions without membranes contained the same components except that an additional 2 ~tl of nuclease-treated rabbit reticulocyte lysate was added. In vitro translation was performed for 60 min at 30 °C followed by separation of the components into a pelleted fraction containing RER membranes and a soluble supernatant fraction by 15 min centrifugation at 15000 g at 4 °C.
Analysis of proteins.
Analytical and preparative SDS-PAGE was performed as described (Laemmli, 1970 , Wengler et al., 1990 . Peptide maps of eluted proteins were prepared by digesting with trypsin or chymotrypsin in the presence of cytochrome c as carrier, for 8 h at 37 °C with 5 pg of enzyme per 50 ktg of substrate in 100 mM-Nethylmorpholine acetate, pH 8-5. After removal of insoluble material by centrifugation, the fragments were loaded onto cellulose thin-layer plates and subjected to electrophoresis (pH 4.4) followed by chromatography, as described (Boege et al., 1981) . Amino-terminal sequencing of radiolabelled proteins was performed manually (Chang et al., 1978; Boege et al., 1981) .
Site-directed mutagenesis. Analysis of the restriction sites present in plasmid pGEM EF showed that the histidine 51 codon was flanked by a XhoI site, which is unique in the plasmid, and a BamHI site (Fig. 1) . Further BamHI sites were present in pGEM EF in the NS3 coding sequences, downstream of the Asp718 site, and in the polylinker region. These BamHI sites were removed by two steps. The plasmid was cleaved by KpnI (an isoschizomer of Asp718), which recognizes two sites located in the NS3 sequence ( Fig. 1 ) and in the polylinker region, respectively, followed by religation of the plasmid. The WN virus genome sequences downstream of the Asp718 site were deleted by this procedure. The remaining BamHI site in the polylinker region was then deleted by substituting a short synthetic DNA fragment, making use of unique restriction sites flanking this BamHI site. In the resulting clone, pGEM EFKB, cassette mutagenesis was used to exchange the wildtype DNA segment between the unique XhoI and BamHI sites. The wild-type sequence including the codon CAC, encoding the histidine 51 residue implicated in catalysis, was substituted with a mutant DNA segment derived from two chemically synthesized oligonucleotides which encoded an alanine residue (GCC codon) at this position. In order to allow rapid identification of clones containing the cassette, an AGUGGU sequence, encoding serine and glycine in the wild-type sequence, was converted into a new unique AcclII recognition sequence, UCCGGA, which also encodes serine and glycine ( Fig.  1 and 6 ). The nucleotide sequence present in the cassette region was determined using the chain-termination method (Sanger et al., 1977) to sequence both strands using primer oligonucleotides CCAAGGAG-TACAAGAAG and GTCGGTCCTCTTTCACGC.
Results
mRNA used in our experiments was transcribed in vitro from the plasmid pGEM EF, containing the sequences encoding a polyprotein including an amino-terminal signal sequence derived from influenza virus HA, followed by sequences encoding the WN virus proteins NS2A, NS2B and an amino-terminal segment of NS3 (see Fig. 1 for details) . The two cleavages predicted to be performed by the protease which cleaves after double basic residues are also indicated in this figure.
SDS-PAGE analyses of proteins translated in vitro from an mRNA transcribed from pGEM EF up to the Asp718 site, the mRNA Asp718, are presented in Fig. 2 . It can be seen from the data presented in Fig. 1 that the polyprotein translated from this mRNA, which has a predicted Mr of 68K, would be cleaved into three segments by the protease cleaving after double basic residues: a segment containing the HA-derived sequences and NS2A, a segment containing the NS2B sequences and a segment containing the sequences derived from NS3. In the absence of membranes, a translation product of about Mr 67K, corresponding in size to the unprocessed polyprotein, accumulated in vitro. Shorter proteins which were associated with the membranes accumulated in the presence of RER. Most importantly, a small protein of apparent Mr 15K accumulated in vitro as a membrane-associated molecule in the presence of RER. During comparative SDS-PAGE analysis, the p15 protein comigrated with authentic NS2B (data not shown) and it will be shown later (Fig. 4) that the p 15 protein apparently contains the peptide sequences present in the NS2B protein. Two proteins, p22 and p29, which might represent the other two fragments of the polyprotein produced during the generation of NS2B, were also synthesized under these conditions.
If the hypothesis that a viral protease localized in the amino-terminal part of NS3, which uses the amino acids serine 135, histidine 51 and aspartic acid 75 as catalytic residues, is responsible for the proteolytic cleavages described above is correct, then a polyprotein which is shortened at the carboxy terminus and does not contain the complete set of catalytic residues should be produced in vitro without further proteolytic processing as a membrane-associated polyprotein. This proved to be the case (Fig. 3) Aliquots were removed from the reaction at various times, subjected to 15 min centrifugation at 15000 g and the proteins present in the resulting pellet (lanes 1 to 4) and supernatant (lanes 5 to 8) fractions were analysed by SDS-PAGE using a gel containing 12-5 acrylamide, followed by autoradiography. Material obtained prior to incubation (lanes 1 and 5) and after 20 (lanes 2 and 6), 40 (lanes 3 and 7) and 60 (lanes 4 and 8) min incubation at 30 °C is shown. (b) The same experiment as described in (a) was performed except that the translation was done in a lysate containing dog pancreatic RER membranes. Proteins are identified according to their apparent Mr as determined from the migration of marker proteins (not shown).
either A l w N I , Asp718, B s t B I or B a m H I prior to transcription of m R N A . The protein sequences predicted to be generated from these m R N A molecules are schematically presented in Fig. 3(a) . The proteins translated in vitro from these m R N A molecules in the absence of m e m b r a n e s accumulated as uncleaved molecules (Fig. 3b) ; the a p p a r e n t Mr of these proteins is in reasonable agreement with the Mr predicted from the nucleic acid sequence. If translation was performed in 4) . (c) An experiment as described in (b) was performed using a lysate containing RER membranes; only membrane-bound proteins were analysed in this experiment. Proteins were analysed by SDS-PAGE followed by autoradiography and are identified according to their apparent Mr as determined from the migration of marker proteins (lanes not shown).
the presence of microsomes, the B s t B I m R N A derived from the B s t B I -c l e a v e d template, which encodes a polyprotein c o n t a i n i n g histidine 51, aspartic acid 75 and serine 135, a n d the longer m R N A species, derived from DNA cleaved with either Asp718 or AlwNI, can release the p15 protein from the polyprotein (Fig. 3c) . The mRNA BamHI, which encoded a polyprotein containing leucine 65 of the NS3 sequence as its carboxy terminus but lacked the codons for aspartic acid 75 and serine 135, was translated into a protein of apparent Mr 44K. This latter molecule was membrane-associated but was not processed by proteolytic cleavage (Fig. 3c) . The NS3 segment present in the polyprotein that was translated from Asp718 mRNA was composed of 241 residues and had a predicted Mr of 26K, whereas the corresponding segment translated from BstBI mRNA was composed of 178 residues and had a predicted Mr of 19K (Fig. 3a) . Inspection of the corresponding translation products (Fig. 3 c) showed that a protein of apparent Mr 29K was translated from mRNA Asp718. This protein was absent when BstBI mRNA was translated. On the other hand, translation of the latter mRNA generated a protein of apparent Mr 20K which was absent from the translation products derived from Asp718 mRNA. These molecules therefore presumably represent the amino-terminal segment of the NS3 protein. A somewhat heterogeneous series of membrane-associated translation products of apparent Mr about 22K, which might represent the amino-terminal segment of the processed polyprotein, can also be discerned in Fig. 3 . Comparison of the radioactivity present in the unprocessed protein with the radioactivity in p15 showed that the efficiency of generation of p15 varied greatly between the three polyproteins that give rise to the p15 molecule (see Fig. 3c ). Two different types of experiments were performed to compare the proteins synthesized in vitro with the authentic WN virus-encoded NS proteins.
[35S]Methionine-labelled proteins were isolated by preparative SDS-PAGE from in vitro translation reactions and from virusinfected cells and were subjected to comparative analysis by two-dimensional peptide mapping. Proteins translated in vitro were analysed by amino-terminal sequencing. Authentic NS proteins were isolated from a membrane fraction derived from infected BHK cells by SDS-PAGE (Wengler et al., 1990) . Since proteins NS2B and NS4A have Mr s of about 15K (Speight & Westaway, 1989a) , they are both present in this material, which is therefore called NS2B plus NS4A. Peptide maps of proteins p15, p22 and p29 translated in vitro from Asp718 mRNA (Fig. 2) , and of the authentic proteins NS2B plus NS4A, NS2A and NS3, are presented in Fig. 4 ; all peptides derived from the p15 protein were present in NS2B plus NS4A. This indicates that the p15 protein represents NS2B (since the mRNA translated in vitro lacks all NS4A sequences). The components of the series of in vitro translation products of apparent Mr about 22K were analysed individually by i! ĩ ~,i~~ NS 2B * NF. Fig. 4 . Identification of proteins synthesized during in vitro translation by peptide mapping.
[35S]Methionine-labelled proteins were obtained by preparative SDS-PAGE followed by autoradiography of the wet gel and electrophoretic elution. The proteins analysed are indicated. Proteins p15, p22 and p29 were isolated from in vitro translation reactions and are identified in Fig. 2 . Proteins NS2B plus NS4A (which were not separated by SDS-PAGE), NS2A and NS3 were isolated from [35S]methionine-labelled infected BHK cells. Proteins were digested with chymotrypsin. The resulting peptides were subjected to electrophoresis followed by chromatography. Autoradiographs of chromatograms are shown. Sets of peptides which are present in both the protein synthesized in vitro and the authentic material are indicated by arrows.
peptide mapping. The maps were very similar and showed that these components represent a set of closely related proteins. One of these peptide maps is presented in Fig. 4 . Comparison of the map with that of authentic NS2A showed that both proteins are very closely related to each other in sequence. This finding is in accordance with the fact that the amino-terminal segment of the processed polyprotein is predicted to contain an aminoterminal segment derived from influenza virus HA, followed by the two carboxy2terminal amino acids of the NS1 protein and the NS2A sequence (Fig. 1) . It can also be seen that the peptides present in the p29 protein In the plasmid pGEM EF the codon for histidine is flanked by a XhoI recognition sequence (unique in the plasmid) and a B a m H I sequence (Fig. 1 ). This B a m H I sequence was converted into a unique sequence and the XhoI and B a m H ! sites were then used to change the residue histidine 51 into alanine 51 by cassette mutagenesis (see Methods). mRNA was trnascribed from plasmids after linearization with Asp718 and translated in the presence of RER membranes. The membrane-bound proteins synthesized in vitro were analysed by SDS-PAGE using a gel containing 12-5~ acrylamide followed by autoradiography. Proteins translated from the following mRNA molecules are shown: lane L, mRNA derived from the plasmid containing a cassette encoding alanine at position 51 ; lane 2, mRNA derived from the plasmid prior to insertion of the cassette; lane 3, mRNA derived from a plasmid containing a cassette which did not alter the histidine 51 residue. Proteins are identified according to their apparent Mr.
represent a subset of the peptides derived from the authentic NS3 protein. These data indicated strongly that the polyprotein translated from Asp718 mRNA was cleaved in vitro at both ends of the NS2B sequence in a manner corresponding to the cleavages that occur in vivo in the authentic polyprotein (Fig. 1) . That these cleavages occur exactly after the basic residues, as indicated in Fig. 1 proteins p15 and p29 synthesized in vitro, which correspond to proteins NS2B and the amino-terminal segment of NS3, respectively. No [35S]methionine was released during 15 cycles of sequencing from the amino terminus of the p29 protein. This is in accordance with the fact that the first methionine residue of the NS3 protein occurs at position 26.
[35S]Methionine was released during cycles 8 and 14 from the p15 protein, in accordance with the positions of methionine residues in the NS2B protein given in Fig. 1 (data not shown) . Further experimental evidence for the role of the amino-terminal domain of NS3 as virus-encoded protease can be obtained by site-directed mutagenesis. Analysis of the restriction sites present in plasmid pGEM EF showed that histidine 51 was flanked by a unique XhoI site, and a BamHI site which could be converted into a unique site; in the resulting plasmid, histidine 51 was converted into alanine by cassette mutagenesis (see Methods). The Asp718 mRNA molecules derived from the wild-type plasmid, from the mutant clone containing the cassette encoding the alanine for histidine substitution and from a control clone containing a cassette containing the wild-type CAC sequence encoding histidine 51, were translated in vitro in a lysate containing RER membranes. Analysis of the translated protein by SDS-PAGE (Fig. 5) showed that the conversion of histidine 51 into alanine leads to synthesis of a polyprotein of apparent Mr 67K which accumulates in vitro as a membrane-bound molecule which is not proteolytically processed. The nucleotide sequence of the wild-type clone and the presence of the cassette nucleotide sequences in the mutagenized clones was verified by nucleotide sequencing (Fig. 6 ).
Discussion
The data reported above show that a polyprotein containing an amino-terminal signal sequence followed by the WN virus-encoded NS proteins NS2A, NS2B and the amino-terminal segment of NS3 is proteolytically cleaved in vitro in the presence of RER membranes at the amino-and carboxy-terminal sites of NS2B. These cleavages occur after multiple basic amino acid residues and are apparently identical to the cleavages at these same sites observed in vivo. Analysis of processing of a series of polyproteins truncated at the carboxy terminus and of the influence of site-directed mutations indicate that, in accordance with the predictions of Gorbalenya et al. (1989) and of Bazan & Fletterick (1989) , the aminoterminal segment of the NS3 protein, composed of 178 amino acid residues, contains the active site of a serine protease which is responsible for these cleavages and that the histidine 51 residue of the NS3 protein is part of its catalytic centre. Processing of the polyprotein is dependent on the incorporation of the polyprotein into RER membranes. This situation reflects that of synthesis of flavivirus NS proteins observed in vivo (for a review, see Westaway, 1987) .
We have analysed the influence of a number of serine protease inhibitors, including dichloroisocoumarin, antipain and leupeptin, on the in vitro processing reaction and have seen no inhibition of proteolysis (data not shown). The polyprotein translated in vitro from BamHI mRNA, which contains leucine 65 of NS3 as its carboxyterminal residue, is not processed in vitro (Fig. 3) and can be used as a substrate for processing by exogenously added NS3 protease. We have performed a series of experiments in which NS3-containing membranes isolated from infected cells were analysed for their ability to process this polyprotein and have obtained no evidence for such a processing reaction (data not shown). The proteolytic reactions at the termini of NS2B therefore might be intramolecular reactions which occur soon after the completion of the amino-terminal segment of NS3.
The results presented above are in agreement with data reported recently by Preugschat et al. (1990) . These authors have analysed a system which is basically very similar to the one used in our experiments. Dengue type 2 NS proteins NS2A, NS2B and NS3 were synthesized in vitro in a reticulocyte lysate supplemented with microsomal membranes. The polyproteins translated in these experiments did not contain an amino-terminal signal sequence. Internal signal sequences appear to be present in the NS2A and/or NS2B sequences which can substitute for an amino-terminal signal sequence in the appropriate constructs.
It is interesting to note that the amino-terminal fragment of NS3, translated from BstBI mRNA which has an Mr of only 19K, is present in vitro as a membraneassociated molecule (Fig. 3) and that none of the material was found in a soluble state (data not shown). Protein NS3 represents a peripheral membrane protein because it can be removed from the membrane by washing with buffer containing a high concentration of urea (Wengler et al., 1990) . By the same criterion, proteins NS2A and NS2B represent integral membrane proteins. Since the virus-specific peripheral membrane proteins may be associated with membranes by an interaction with virusencoded integral membrane proteins, these data indicate that the NS3 protein is associated with the membrane via interactions between its amino-terminal domain and the integral membrane protein(s) NS2A and/or NS2B. The active proteolytic complex might therefore contain sequences derived from NS2A and/or NS2B in addition to the amino-terminal domain of the NS3 protein. This consideration is of importance in the design of experiments in which active protease is to be expressed from recombinant DNA.
